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The object of the study is to examine the climatology of NIMBUS II satellite-
sensed window-channel equivalent blackbody temperatures for the period 15 May
1966 to 28 July 1966. Fourier analysis was applied to these temperatures at select-
ed latitudes in the Northern and Southern Hemispheres.
The total variance, as well as the percentage contribution to variance by in-
dividual waves 1 through 8, along the selected latitudes is examined „ In addition





II. THE DATA 15
III. THE FOURIER ANALYSIS 17
IV. SIGNIFICANCE OF THE POWER-SPECTRAL ESTIMATES
AS FUNCTIONS OF SPACE WAVE NUMBER 20
A. PERCENTAGE EXPLAINED VARIANCE BY WAVE
NUMBER ALONG KEY LATITUDES 20
B. APPLICATION OF THE F-TEST AT HARMONIC WAVE N -20
V. CORRELATION OF FEATURES ACROSS KEY
LATITUDES 27
A. CORRELATION RELATIONSHIPS BY FOURIER
ANALYSIS 27
B. CORRELATION RESULTS USING CONVENTIONAL
SAMPLING 29
VI. DISTRIBUTION OF VARIANCE AMONG THE MAJOR
WAVES 1 34
A. THE ZONAL MEANS AND VARIANCE AT KEY
LATITUDES u
B. DISTRIBUTION OF PERCENTAGE EXPLAINED
VARIANCES AMONG THE MAJOR WAVES 3s
C. CONTRIBUTIONS TO VARIANCE BY HIGHER
WAVE NUMBERS 41
VII . CONCLUSION 43
APPENDIX A: CONTRIBUTIONS TO THE POWER SPECTRUM
BY WAVES 5-12 44
LIST OF REFERENCES 52
INITIAL DISTRIBUTION LIST 53

LIST OF TABLES
1 . Contribution to power spectrum for wave 1 23
2. Contribution to power spectrum for wave 2 24
3. Contribution to power spectrum for wave 3 25
4. Contribution to power spectrum for wave 4 26
5. Correlations coefficients for adjacent latitudes
computed by using equation (14) 30
6. Correlation coefficients for adjacent latitudes 31
7. Contribution to power spectrum for wave 5 44
8. Contribution to power spectrum for wave 6 45
9. Contribution to power spectrum for wave: 7 4w
10. Contribution to power spectrum for wave 8 47
11. Contribution to power spectrum for wave 9
13. Contribution to power spectrum for wave 11
48
12. Contribution to power spectrum for wave 10 49
50
14. Contribution to power spectrum for wave 12 51

LIST OF FIGURES
1. Mean temperature field for period 15 May to
28 July 1966 9
2. Mean temperature field for period 15 May to
29 May 1966 10
3. Mean temperature field for period 30 May to
13 June 1966 11
4. Mean temperature field for period 14 June to
28 June 1966 12
5. Mean temperature field for period 29 June to
13 July 1966 13
6. Mean temperature field for period 14 July to
28 July 1966 14
7. Total variance versus time for selected latitudes in
the Northern Hemisphere 35
8. Total variance versus time for selected latitudes in
the Southern Hemisphere — 7 36
9. Zonal ly averaged temperatures for selected latitudes
versus time 37
10. Percentage explained variance versus time for selected
latitudes in the Northern Hemisphere contributed by
waves 1-8 39
11. Percentage explained variance versus time for selected
latitudes in the Southern Hemisphere contributed by
waves 1-8 40

TABLE OF SYMBOLS AND ABBREVIATIONS
A Fourier coefficient
n
ANV Additional normalized variance
B Fourier coefficients
n
C Fourier amplitude coefficient
F Statistic for significance
k Time
r, 9 Correlation coefficient
SD Standard deviation
Tit Equivalent blackbody temperature
T( \ ) Radiometeric temperature at a latitude and time





\\j Fourier phase angle

ACKNOWLEDGEMENTS
The author wishes to take this opportunity to express his appreciation to his
advisor, Professor F. L. Martin, for assistance and guidance in research for and
preparation of this paper. To the W„ R. Church Computer Facility of the Naval
Postgraduate School for the use of the IBM 360 Computer.
A very warm thanks to my sweet wife who put up with my wonderful disposi-
tion as the time grew short.

I. INTRODUCTION
Globally-averaged NIMBUS II window-channel radiances for a seventy-five
day period are examined from the results of their Fourier analyses along selected
latitudes,, The NIMBUS II medium resolution infrared scanning radiometer carried
a window channel (channel 2), with half-power response in the 10-11 micron
range. This channel is calibrated to sense equivalent blackbody temperatures
(Til ) representative of the surface in clear sky areas and cloud tops in thick over-
cast areas. Thus, anomalously warm temperatures usually represent surface tem-
peratures in clear areas while anomalously cold temperatures represent temperatures
of the iop of heavily clouded areas, except in ice-covered areas, Areas of scattered-
to-broken cloud coverage and of mixed cloud types do not have these extremes of
equivalent Tl^ values, instead the values of equivalent blackbody temperatures
do not differ significantly from those expected for climatologicai cloud top level
temperatures appropriate to the particular geographic locality and season.
Fifteen successive global maps of five-day mean equivalent b'ackbody tem-
peratures during 15 May 1966 to 28 July 1966 serve as the basis of the examined
data. Figure 1 depicts the mean temperature field for the entire 75 day period.
Figures 2 through 6 represent five consecutive fifteen-day mean maps for the per-



























































































































































































































































































































































































































The NIMBUS II satellite data of the window channel was interpreted for the
effective temperature sensed, and is displayed for purposes of this study on a
Mercator projection. The data was resolved at five degrees of longitude, true
at the equator on a scale of 1:40M. Along each latitude, seventy-three NIMBUS
II temperatures, to the nearest whole degree, were encoded in a serial manner,
west to east, at five degree longitude grid point intervals. The maps utilized
40 north-south grid-mesh intervals to cover the latitude range 70S to 70N. From
this array of 41 latitudes, eight key latitudes were chosen for representation of
the harmonic analyses. The key latitudes selected were approximately 50N, 30N,
15N, 5N, 5S, 15S, 30S, 50S, which correspond respectively to the following
latitudes resulting from superimposing the grid array on the Mercolor projection,
51. ON, 28. 2N, 14 3N,4.4N, 5.6S, 15. 4S, 29. 2S, and 48.5S. Because lati-
tudes of gridded data differ only slightly from key latitudes, the two sets will be
considered coincident. This latitude selection was designed to d )!ermine mean
amplitude and phase-relationships between (1) the mid-latitudes and the subtropics
and (2) the subtropics and the tropics of each hemisphere, as well as (3) the
inter-hemispheric events occurring between 5N to 5S , and the even larger region
of 15N to 15S.
Since no other temperatures are to be used in this study, mean window-channel
temperatures (Ti i ) will hence forth be denoted in the functional form T((p , A, k),
where CD= latitude, A = longitude at five degree increments ai jnd the globe,
15

and k is the time index, k= \ , .. . r \5. For each five-day mean map, Fourier
analyses v/as applied along the eight key latitudes (CD).
Comparision of the successive five-day mean maps shows significant spatial
and temporal variability in the temperature fields* Individual weather troughs
and ridges, and/or lows and highs in T,
, ,
on a five-day mean chart are easily
recognized but these systems seem to oscillating about their mean positions rather
than exhibiting any systematic motions. This difficulty in tracking individual
features led to the selection of the Fourier analysis method to describe the clima-
tology of the large-scale monsoonal character of the period. The results were
examined and found to be characteristic of large areas in both hemispheres.
16

III. THE FOURIER ANALYSIS
Consider the arbitrary meterological parameter T((D
, A f k) and assume that
at latitude CD
, and time k, the radiometric temperature T(X)/ may De repre-
sented around a latitude (D by a Fourier expansion in wave number space, such
as:
78 \
T(A) = T + Z A cos n/\+ B sin n \ ) (1)
° n-i





A = 9/7 1 T(^ ) COS n^ d * (2B )
2*
B = -Tyjr \ T(A)sin nA dA (2C)
n z o
The series in equation (1) could be defined for 35 harmonics because the data
sample included 73 data points, but it was found that those wave: above 18 repre-
sentedessentially noise, not for example, real synoptic patterns of lows and highs.
Hence the maximum wave number n considered in equation (1) was 18. Equation
(2A) is the zonally-averaged window-channel temperature around latitude C,
at map-time k„ Also, A and B of equations (2B,2C)are obtained by integration
n n
of the function T( A ) weighted multiplicatively by cos n A or sin nA respectively
over each of the 72 A A intervals for each latitude. The computer program de-






tr (£,•) =T2~S (T(A)-T ) l (3)
around the latitude circle explained by the inclusion of each wave n = 1,. .,,18.
An expression equivalent to equation (1) is:
T(A) = T + I C cos (nA'Yn) (4)
° *,.!
n
where y^ is the primary phase angle „ Comparison of equations (1) and (4) leads
n
to results:
A = C cos 1^
n n n
(5)





C = (A + B )
(6)
Ttr = arc tan (B /A )r n n n
The phase angle Vf can also be viewed as the direction angle in polar
coordinates of the complex number A + iB . Percentage contributions to the
n n
total variance by each harmonic n - 1 , . . „ „ , 18, are defined as:
2.% Explained Variance = C /2 (7)
2
Here o~ is the variance statistic for each latitude *P and time k identified by
2
equation (3) and C /2 is the contribution to the total variance by the Fourier
wave number n.

In summary several useful statistics can be obtained from map-by-map decom-
position of the longitudinal arrays of satellite sensed temperatures. The major
statistics obtained at key latitudes and for each time period were:
(1) The mean temperature T
o
(2) The total variance cr
(3) The Fourier wave amplitudes C for n = l,. e .,18.
(4) The percent contribution to the total variance by each wave number n.
(5) The primary phase angle ^ , ± ]fr < 360°, for each wave number
n n
n.
Considering the phase angle f it should be noted from equation (4) that the





the statistics which follow, the primary phase ^ will be shown \o be related to
the correlation of harmonics between adjacent latitudes on a given day.
19

IV. SIGNIFICANCE OF THE POWER-SPECTRAL ESTIMATFS






AGE EXPLA,NED VARIANCE BY WAVE NUMBER ALOND KEY
One of the results generated in this study, was the percentage of explained
variance along each of the eight key latitudes for each of the map times. These
are examined to determine which of the harmonics N = 1 ,...., 18 provided
significant contribution to the overall variance <r 2 ( ^,k), i.e., variance at
a specific latitude at a specific time c
A two-way analysis of variance involving both spatial and temporal periodicity
of the waves was not performed because of the small sample of lags between indi-
vidual maps (namely k
= 14). Instead, it was decided to compile a census only
of those harmonics N which passed a significance test, an F-test for one-way
analysis of variance along the latitude <fi .
B. APPLICATION OF THE F-TEST AT HARMONIC WAVE N
The F~statistic defined by the influence of the Nth harmonic on the total
variance &- is
F^ = % variance exp la ined after wave N, added
% variance unexplained after wave N
f(C,.
2/2^ 2)J/2N






In equation (8), the division of the bracketed expression in the numerator by the
factor 2 is necessitated by the use of two degrees of freedom employed when the
Nth wave is added in equation (1), namely the specification of A BN at step
N. On the other hand, in the bracketed expression of the denominator of
equation (8), the integer divisor ( 7[ -2N-1) describes the fact that the mean
percentage unexplained variance after N steps is associated with the remaining
degrees of freedom at step N:
D.F. (denominator) = ^ - (2N+1)
Here
^ = 72 is the number of separate points used in computing the variance.
Subtraction of 2N+1 expresses the fact that one degree of freedom has been used
in evaluation of the mean, and the additional 2N have been used in determining
the N harmonics to the Nth step in equation (1).
The FN-statistics for each addition of one of the 18 waves around each lati-
tude and for each time period was computed. This was completed using listings





In order to estimate the significance at the 95% confidence level , the
FN -statistic was compared with a critical F
C
defined at 2 and 71-2N degrees




= 3.15 to F^
8
- 3.28
as N ranges successively from N = 1 to N = 18. The tests showed that virtual ly
none of the wave harmonics higher than n = 12 passed the significance test so
that equation (1) was truncated at n = 12. The spectral density associated with
waves 1 through 12 appear in Tables 1 through 4 and Tables 7 through 14. In
21

each of 12 tables, spectral densities are presented with respect to latitude (eight)
and map time (15). The last two lines of these tables list the mean and standard
deviation of the time-array of the power-spectral values for the sampling period.
An asterisk indicates those particular cases for wave contributions which failed
to qualify as significant at the 95% level. It is to be noted in general, that as
N increases, fewer numbers in Tables 7 through 14 qualify as significant.
22

if 50 S 30 S 15S 5S 5N 15N SON 50N
1 8o31 8o76 5o63 1q13*11o19
2 14.53 2.14* 6o33 14.64 15o61
3 3.54 17»46 9.05 25.16 19*98
^ 9.14 4o79 llo49 30 o 89 18.25
5 4o81 24.03 0.80* 8 o 06 6.36*
6 8.15 13.79 1.42 17.21 8o05
? 6 96 1U91 1 66 37.31 4.25*
8 13.61 8o85 1.68*23.38 15o01
9 2o34 15,45 1.56 25.09 7.30*
10 3ol4 20.20 2.47*15.16 7o28
11 5.05 14o23 lo33* 20o 43 18o42
12 19o59 34„63 2o52 2 1=47 2 7.47
13 13.99 25o04 OoCl* 19.25 33d7
lb 7o47 Co 42* 0.34* 9.36 24.91
15 12ol6 7.53 5ol2 24.65 6.01*27.37 29.91 4.75*
MEAN 9o 19 13.95 3.43 19 c 58 14.88 19.09 43o91 13. 5'J
SD 4o58 8.98 3o27 8.92 8.50 16.90 16.04 7.25
Table 1. Contribution to the power spectrum for wave number 1 for individual
map times k = 1,..„,15, and by selected key latitudes <fi , Included for each
latitude is the time-mean and standard deviation (SD). Units: decrees Kelvin
squared. Values followed by an * did not qualify on the 95% levei using the
F test.
18.41 58.03 12.34




4.19 jr 34.68 18.58
1.G0 * 51.90 26.27
4.33 s- 8 5.69 16.23
5.35 * 60.60 3.63
20.73 3C.26 20.49
29.92 50.82 3.20 *
7.20 * 36.26 23.39
8.62 53.03 0.51 *
~> -. DO
—' L O O V -r-To i-t




50S 3ft S 15S 5$ 5 n
15N 3ft N 5QN
2.33 15=40 0.29*21.29 32.82 47.18 63.51 10.83
2 6.22 15.74 8.90 21.81 18.02 48.96
6.42 « 18.79
3 1.00
• 2.45 • 9.53 32.52 27.46 56.52 40.77
9.29
k 1.21*11.87 2.98 11.05 7.02*47.60 63.87
6.05
5 0.70*2.85*0.05*10.25 23.53 31.46 125.23 1.64
2.?
6 0.16* 0o07* 0.59* 2.93* 9.58 44.99 87o77
4.89 9.43 lc52 9.50 24.97 84.46
65.82 10.67
U 72 2.81 0.13* 8.16 53.30 70.76 58.51 7.26
0.50* 2.24* 0.02* 0.60*16.40 92.16 151.92 7.23
!0 2°.8^ 6.20 0.35* 5.70*20.18 45.24
84.56 4.25
U 0.66 1.55* 1.13* 5.16*16.27 44.08 64.98
17.76
. „ *, o -. - -3 r> t*. Ift7*77 46.28 4.00
12 1.35* 7.68 io^ * d,ot Z<L*cL 18f M
« 3 1.46 1.46*0.83* 8.32 26.37
69.16 42.24 14.40
14 1.42 2.59 2.82 6.41 6.33 57.68
69.05 4.30
2.56* 3.31 0.99*25.24 15.72 45.56 51.84
5.58
MEAN 1.94 5.71 2.10 11.82 21.48
64.91 68.18 8.33
SO 1.62 4.98 2.93 8.79 11.20
36.49 33.72 5.09
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Table 2. Contribution to the power spectrum for wave number 2 for individual
map times k = 1,...,15, and by selected key latitudes <fi . Included for each
latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin





50S 30S 15S 5S 5N 15N BON 5CN
1 0.94* IO0O6 5.33 0.20* 15.38 9.71 9.10 12.65
2 1.84 1.19* 6o51 6o 83 4.77* 16.23 0.44* 11.84
3 1.51 8o37 4o63 3.39* 6ol7 9.56 4.25 0.83*
4 0.75* 4.85 0o22* 11. 53 6.72* 2,22* 11.81 1.52*
5 5.27 3.09 Coll* 8o78 3.09* 2.0<f 8.09 7 o b'j
6 5.69 8oG6 Go35* 15.05 10.6 6 6.36 9.17 3.39
7 7.32 6o99 3o82 2Go 69 4.39 2.81* 10.87 2.68
8 1.22 4.93 2 o 3.0* 16.12 2ol9* 11.91 8.65 6.74
9 5.84 0.06* 2o69 19.34 15„C7 4.82* 18. 8C 5.65
10 8. 50 3o28 4 27 25.79 4.17 14.57 13.06 3.4*
11 2oC7 2o21 0oC6* 14.74 i. o 3 j OO "TO i c ini- \-l O J. '.. • C 3*
12 Co 56* 15.52 3o38 1 1 o 6
1
2.37* 2 2.39 49.42 9.55
13 C.48* 0.13* Go 21* 3.04 19.66 15.65 22.11 1.65*
14 0.42* Jo 37* Co 46* 13.65 6.45 20.2 5 33.27 1.13*
15 5*00 D. 26* 10o58 29o 12 13.84 13.16 13.22 5.34
MEAN 3o 16 4.62 3oC0 13.33 7.76 10.14 15.22 4.93
SO 2c69 4.32 2.91 7 97 5.53 6.69 11.84 3.89
Table 3. Contribution to the power spectrum for wave number 3 for individual
map times k = l,...,^, and by selected kay latitudes <P . Included for each
latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin




50S 30S 15S 5S 5N 15N 30N 5UN
1 Coicf 3.45 3.09 10.97 5,99 13.73 18.49 v.57*
2 2o71 8.64 2o79 14.30 10,39 40.94 12.82 5.16
3 Co 53* 1.92* 0.93* 4,49* 10.48 6.99 9,70 13.65
k 3o 18 1.65* 1.68* 13,28 19.66 12,72 11,79 3.37
5 lo 19 4.14 7o78 0.53* 15.74 16.33 30.04 1.46
6 Co 30* 1*32* lo73 0.42* 11.10 10,54 10.99 4.38
7 7 06 cog* 3.52 18.13 0.27* 19.46 3.43* o.o*
8 3,99 2o71 5.49 8,25 2.76* 5,95 0.01* 1.73
9 1.56 lo8(f 3.39 12,33 26.07 5.77 5.86 2.5£*
10 2.43 lo62 14ol5 19.46 9.2 6 7,63 9.28 6.75
11 3o^7 C- O 4_ w 1 7 *> 16,52 3.07* 7c 64 8, 86 11=32
12 0.7 2* 0*18* 9.51 L( o 6 47.19 27,71 5.59 6. ID
13 1.95 0.17* 5o57 7,2 6 10,52 2.54 2.2^ 5.97
14 6. 97 3.1U 3o3 8 5, 80 10.61 8.21 11.77 3.93
15 5,'*4 6ol3 lo47 18,69 6,8 6 Of ' i 7.45 24.44
MEAN 2o63 2o61 4o41 10,70 12,67 13.74 9.89 5.09
SD 2«22 2,24 3.51 6,01 11,21 9.75 7,01 6.11
Table 4. Contribution to the power spectrum for wave number 4 for individual
map times k = 1 , . „
.
, 15, and by selected key latitudes <P^> „ Included for each
latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin




V, CORRELATION OF FEATURES ACROSS KEY LATITUDES
A. CORRELATION RELATIONSHIPS BY FOURIER ANALYSIS
It should be noted that in IV, it was found that in the mean at any given map
time and along a key latitude, an average of 93% of the explained variance
could be accounted for by the first 18 harmonics and 89% by the first 12 harmonics.
The reduction to 12 harmonics was made on the basis of removal of the higher wave
numbers which failed to yield significant F-levels.
It is desired now to determine the usefulness of the specification of T( A) in
the form (4) on the basis of computations which involve the phase angles )r n at
two adjacent key latitudes V^ <p^ as these have been identified in II. Thus,
the Fourier series
iz
T, (A) = T . + I C . cos(nA - f ) (10)
1 o, I »_-i nl nl
lz
T (A) = T +ID cos(mA - ft J (11)
I o,l n.-x mz mz
are defined at ^^ , ?S , respectively. Correlation between values at identical
l
longitudes along the adjacent latitudes are determined from the deviations T ( A),











^ ) Z Dm2
nl >?* i
cos(mA- f JdA (12)












7 l_ u -ill m^_ •*
cosf(n+mM -(
n^l
- ^n2)]J dA (13)
Because of the closed integration, the second-term within the braces of the last
expression must always integrate to zero for all combinations of n,m. The firsi
term inside the braces also integrates to zero whenever r\ / m. Thus the original
integral (12), which represents the simple correlation coefficient (r^) ' s








ru=l ikfr < oi ( ^ - r"t ] (,4)
It is well known that if the amplitudes C 1 , D , are relatively small compared
to the values required for significance, the corresponding phase angles cannot be
resolved satisfactorily. Moreover the angle (y , - ~j^o) cQ n range from values
within + 90 degrees which gives a positive contribution to (14); and to negative
values for the range 90 < / if , - fr ~ / < 270 degrees, which represents
essentially an out-of-phase relationship for waves n across latitudes <p , (p .
The important point to be noted is that regardless of the significance of a phase-
difference, the cosine of this angle carries the built-in weighting factor
C D /2 cr , <7~r^ so that insignificant contributions to the sum (14) are self-
eliminating. The results of the correlation coefficients (r,„) for pairs of key
latitudes are shown in Table 5.
B. CORRELATION RESULTS USING CONVENTIONAL SAMPLING
i i
A second method of computing r^ is to use the pairs of Ti ( A), T ( X),




r 19 = I
T 1'' h< '
12
f=l 7\ *-2 (15)
The results of these computations are shown in Table 6and are seen to agree very
well with those of Table 5.
In general, correlations between adjacent key latitudes in ti-u Northern Hemi-
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the correlation for 15-30N is generally high for the entire period, indicating that
the events or weather patterns at 30N are very similar to those at 15N. This high
correlation is not present for 15-30S. It is interesting to note that highly consis-
tent negative correlation can only take place when the phase angles are out of
phase, that is, they have the range 90 < J V" * - 7^*9/ < ^-70 degrees. This
indicates an independence of events or weather patterns between 3O-50S. Since
this negative correlation exists between 30-50S for almost the entire 75 day period,
we should be able to observe physically different weather patterns along the same
longitude at the two latitudes for any given period or for the mean map for the
entire period. Patterns that would give the out-of-phase relationship noted for
30-50S are not apparent in Figures 1 through 6 because in such depictions the
smaller v/ave number features mask them. !r can be seen, however, that the
long-wave patterns are out of phase for these latitudes and it is this long wave
negative contribution to the correlation coefficient that is dominant. When only
the contributions from the first four waves were considered in equation (14), the
correlation coefficient values for 30-50S were essentially as listed in Tables 5 or 6.
This confirms the statistical results concerning 30-50S „
There are high correlations between all latitudes in the Northern Hemisphere
for periods 12 and 10 and for 15-30N for period 1 1. Figure 5 is a mean for the
above three periods and should provide a sample of weather patterns that are in
phase. With some difficulty one can determine the long wave pattern along
15-30N. The long wave pattern is essentially the same for both latitudes, in
particular wave 2 can be discerned with a maximum over Africa and one over the
Pacific. In summary, a high correlation between latitudes indicates that a simi-
32

lar weather pattern exists over both latitudes and that the weather pattern is
essentially in phase in the north-south direction.
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VI. DISTRIBUTION OF VARIANCE AMONG THE MAJOR WAVES
A. THE ZONAL MEANS AND VARIANCE AT KEY LATITUDES
High values of variance indicate large variability in the cloud cover along
the latitude 9^ • The NIMBUS II temperatures sensed vary considerably from one
period to another as well as around a latitude. It should be recalled that single
events such as a single cumulo-nimbus are not observed since each of the periods
was a five-day composite of cloud conditions, therefore variability is a descrip-
tion of larger-scale events.
Figures 7 and 8 depict the total variance for the key latitudes considered in
both hemispheres,, The larger variances in the Northern Hemisphere during the
period should be noted. Because of the distribution of continents and oceans
in the Northern Hemisphere and their respective zonal temperature differences,
the variance for the Northern Hemisphere was expected to be larger than for the
Southern Hemisphere with its predominance of ocean area. Figure 1, which is
the mean map for the 75 day period essentially shows the climatological state
with alternate cold and warm cells in the Northern Hemisphere and an absence
of these structures in the Southern Hemisphere. These cellular patterns would
produce higher variances in the Northern Hemisphere.
Figure 9 displays the mean temperatures T versus time. The relatively small
amplitude time-traces of T reinforces the conclusion that the Southern Hemi-r o
sphere is more stable in its radiometric climatology than the comparable latitudes
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Figure 9. Zonally averaged temperatures (T ) for selected latitudes versus time. The scale
in degrees indicated at 50N is applicable to the remaining latitudes.
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general warming tendency for latitudes 30 and 50N during the overall period of
the Northern Hemisphere summer, while there is a general cooling at latitudes
15N and 5N„ In addition latitudes 15N and 5N have a lower mean temperature
for the 75 day period than does latitudes 15S and 5S, indicating the proximity
of large-scale cloud build-ups associated with the ITCZ. This situation is reversed
for the more poleward latitudes, 30S and 50S, which have lower temperatures during
the period than 30N and 50N
.
B. DISTRIBUTION OF PERCENTAGE EXPLAINED VARIANCES AMONG THE
MAJOR WAVES
Figures 10 and 11 represent percentage contribution to variance by the first
eight waves. Another way to visualize Figures 10 and 11 is as variance contri-
butions by waves one through eight, relative to the total variance normalized to
unity for each iatitude.
The first observation is that the first four waves in the Northern Hemisphere
contribute more to the variance than in the Southern Hemisphere. Thus, the
contribution of percentage variance for waves 5 through 12 is more significant
for the Southern Hemisphere.
The second observation is that wave 2 is a dominant contribute!- in all northern
latitudes but is minimally represented in southern latitudes. Wave 2 has been
described as being a reflection of the land-sea distribution around a latitude. The
large contribution by wave 2 in the Northern Hemisphere cases and its relative
absence in the Southern Hemisphere supports this description.
Both at 15N and 15S one obssrves from Figures 10 and 11 a minimum contri-
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Figure 10. Percentage explained variance versus time for selected lati >des
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Figure 1 1 „ Percentage explained variance versus time for selected latiti 3s







1 is compensated by large contributions by wave 2, but for 15S, waves 3 and 4
make up in part for the small contribution by wave 1
.
Overall, the largest contribution to variance is made by wave 1, but for the
Northern Hemisphere alone wave 2 contributes most to the variance.
C. CONTRIBUTIONS TO VARIANCE BY HIGHER WAVE NUMBERS
We now focus our attention primarily upon the wave number groups n = 5-6
and 7-8 to look for sources of additional normalized variance (called ANV)
beyond those just studied in Vl-B. Our tests for statistical significance have led
us to examine the significance of these middle-scale waves in pairs since the
noise superimposed upon the data sample tends to move the line-spectral effects
from one wave-number to an adjacent one. Figures 10 and 11 also display the
contribution^ by the pairs of wnve numbers 5-6 npd 7-8.
If one uses the Southern Hemisphere as a preliminary guide, it is clear that
substantial added variance is often accounted for by considering the contributions
by the general wave group 5-8 inclusive. The effects of the additional normal-
ized variance (ANV) are most marked at 15S, where it comprised as much as 50%
in one case. The values of ANV at 15S seem to deviate about a mean of 25%,
with a minimum of 10% and the maximum of 50%. At both 5S and 30S, the
values of ANV are also substantial in waves 5-8, but somewhat smaller than at
15S, in magnitude. The average increment was about 20% with a range averaging
from 15% to 25%. There was a slightly more definitive trend for additional
variance to be manifested in wave group 5-6 than 7-8. The ANV's for all three
latitudes tended to be nearly in phase date-wise.
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The added variance by the wave-group 5-8 at 50S is smaller, averaging ap-
proximately 10% with a correspondingly smaller deviation about the mean at
50S . No marked preference is shown for the number-group 5-6 relative to 7-8.
The consideration of even more harmonics beyond n = 8 may be indicated from
the fact that now (with n = 1,.„,8 included) the normalized variance fails to
exceed 70% in six of the fifteen periods at 50S.
In the Northern Hemisphere, the pattern of additional normalized variance
(ANV) is quite different to that just described for the Southern Hemisphere. Now
the maximum ANV is located at 50N, with a secondary maximum at 5N, followed
by a tertiary maximum at 30N and the minimum ANV at 15N. Here we are
speaking of average values of ANV of 25% at both 50N and 5N, and of 15% -
5% in the 15-30N zone :
In the Northern Hemisphere, peak values of ANV tend to occur within phase
across the latitudes if a tolerance of one map is allowed.
In the Northern Hemisphere, with waves 1 to 8 specifying the variance at
generally over 75%, there is little further noise-free variance to account for.
In the Southern Hemisphere, there were indeed some map periods when more
variance could be accounted for by combinations of waves in the group 9-12, but
these did not seem to afford any systematic time-sequence across the key latitudes'.
Hence, the analysis of variance attributed to waves 9-1 2 suggests that the detec-






The large climatological features can be described by analysis of window-
channel temperatures as sensed by satellites at some synoptic-scale space-smoothing
interval. Fourier analysis provides a tool which is useful in describing the larger
scale weather events. Fourier analysis results indicate clearly many differences
in the Northern-Southern Hemispheric weather patterns.
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APPENDIX A: CONTRIBUTIONS TO THE POWER SPECTRUM
BY WAVES 5-12
1
SOS 30 S 15S 5S 5N 15N 30N 5 ON
1*75* 2.61 C . 1 1* 1.10* 2.00* 4.63 1.61* 3,79
2 0.55* 0.73* 9.80 15.49 3.71* 24.69 15.82 1.58
3 0.2 2* 0.2C* 2.27 16.95 14.90 10.92 1.19* 7.38
k 0.10* 0.05* 4.69 24.53 8.68 1.70* 0.89* 7. t>6
5 0.25* C.90* 3.C4 6. 65 6.93 0.10* 0.15* 3.29
6 4.03 2.63* o 4 2* 3.00 5.67 2.98 1.83* 6.21
7 C.69* 5.48 1.78 8. 19 6.78 2.70 10.52 C.19*
8 0. 54* 1.01* 0.29* 13.31 15.82 3.32* 0.57* 3.13
9 0.92* 2.68* 0.80* 9. 16 3.84 13.36 11.53 18.62
1.0 3.74 0.00* 2.89 8.75 6.06 4.11 0.89* 7.42
11 Co0 * 4c99 0.^5* 10.25 2.14* 0.61* 13.14 0.99*
12 1.23* 4.90 0.03* 4.G6 8.36 1.72* 5.32 4.71
13 Go 5 3* 3.24 0.42* 5.64 1.34* 7.89 2. 50* 4.38
11 0.32* 0.97 0.S3 6.12 10.44 1.80* 2.95* 4oCl
15 leC6 * 3.42 0.68* 15.22 5.69 0.75* 7.10 4.2 9
MEAN 1.06 2.25 1.93 9.90 6.83 5.42 5.07 5.18
SO 1. 19 1.81 2.46 6.01 4.19 6.35 5.0 6 4.21
Table 7. Contribution to the power spectrum for wave number 5 for individual
map times k = 1 , „ .
.
, 15, and by selected key latitudes . Included for each
latitude is the time-mean and standard deviarion (SD). Units: degrees Kelvin




50S 3CS 15$ 5S 5N 15N 30N 50N
1 2.69 0.88* 0.16* 0.11* 8.99 3.47 14,46 0.88
2 lc 12 1.23 0.55* 2.80 10.39 0.91 20.49 0.84
3 0.24* 3.45 3.00 11.05 7.17 10.44 6,97 3.51
4 1.92 2.78 0.52* 0.12* 7.05 2.94 9.82 0.74
5 0.19* 4.11 3.15 1.46 3.49 2.42 0.18* 2.72
6 2.23 7.07 2.41 1.27 1.48* 7.07 13*59 3.87
7 3.04 1.78 C.97 2.18 0.85* 12.75 9.61 5.20
8 0.37* 2.69 4.45 8.97 2.41 10.35 3 a 33 7.64
9 0.42* 9.78 C.C8* 2.50 2.96* 4.47 1.89* 2.29
10 0.25* 2.25 0.94 0.13* 0.24* 6.24 3*93 5.61
11 0.26* 1.58 3.05 1.08* 0.18* 14.39 4.39 4.12
12 I. 18* u.54 0.27* 1.89* 3.49* 4.95 7.14 2 P 7^
13 0.21* 2.18 0.88 2.87 1.62* 0.39 10.34 5.79
14 0.56* 0.58 0.47 C.25* 9.19 4.56 15.30 0.64*
15 0.82* 0.72* 0.89* 6.38 2.29* 2.33 6.05 0.51*
MEAN 1.03 2.77 1.45 2.67 4.12 5.85 So50 3.14
SO 0.94 2.49 1.33 3.22 3.36 4.17 5.45 2.15
Table 8. Contribution to the power spectrum for wave number 6 for individual
map times k = 1 , .. .,15, and by selected key latitudes <p . Included for each
latitude is the time-mean and standard deviation (SD), Units: degrees Kelvin




bv'is 30 S 15S 5S 5N 15N 30N 5CN
1 0.64* 5.30 0.47* 5. 59 4.16 0.41* 0.98* 0.46*
2 Go 20* 1.23 i o c e* 9.65 5.53 3.74 lo88 0.33*
3 Co53* 14.03 4.33 15.59 2.13 0.11* 11.74 0.28*
4 1.45 5.56 6o5l-- 1.07* 3.0 5* i.52* 5.03 n 3 a*
5 0.22* 1.23* 1.03* 2.13 2.93 4.21 3.97 0.14*
6 Oc 18* 3.92 0.34* 0.39* 0.75* 0.38* 0.9C* 0.51*
7 2.24 3.51 0.89 0.56* 1.66* 2.67 7.62 0.03*
8 C.92 2.94 7.94 9.15 0.53* 1.73* 6.75 0.62
9 2.96 4.69 1.78 0.01* 1.11* 2.20 14. 54 2.5°
10 Co 23* 2.26 0.98 0.84 3.83 9.50 6.25 5s 83
11 0.81 0.58 1.71 0. 70* 4.7 2 1.84* <:. 21 1 O ~70
12 2.03 0.42* 0.2 5* 3.17 2.31* 0.65* 1.7 7* 7.99
13 0.41* 3. 84 n 1 -i* 1.66 1.61* 0.0c* 9.20 2.22
14 0.23* 0.41* 0.47 1.32 2.7) 1.22* 4„2 5 1.76
15 5.56 1.64 1.16* 0.94* 6.21 5.82 5 2 5 Io70
MEAN 1.24 3.47 1.94 3. 52 2.89 2.44 5. 42 1.78
SD 1.42 3.32 2.31 4.38 1.67 2.45 2,2?
Table 9. Contributions to the power spectrum for wave number 7 for individual
map times k = 1 , . . ., 15, and by selected key latitudes (p . Included for each
latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin




50S 30 S 15S 5S 5N 15N 30N 50N
1 3.75 0.12* 0.56 4.48 9o50 1©61* 1.08* 0ol2*
2 Co 10* 1.85 1.33 Co 2 5* 25o47 8.18 6o03 0.09*
3 3.49 2.78 3.26 0.54* Co 17* 0.85* 5„00 9.59
4 0.71* 0.51* 1. 53 1.22 3o66* lo()6* 3o63 1.02
5 2o39 3.76 4.71 4.27 2.94 9 9/^ 6o67 1.22
6 0o91 2o76 0.14* 6. 71 5o39 5o 32 lo64* 0c54
7 0.17* 0. 10* 0.50 0.45* 7o^3 0o56* Co07* 4.69
8 0.14* 2.13 3.12 7o 11 3oL»2 4o35 U13* 0.15*
9 Co 16* 0.72 0.22* 2.01 5.12 7.25 lo36* 2.51
10 0.93 1.87 2.61 0.15* 1.94 1»22* lol3* i.97
11 r r. -*v. o \ • O 0.59 1 o CO 1.17 9.13 Uo 3 3 4» 67
12 Co 38* 0.0 * l o 08 5.36 2© 6i 0.65* 5o81 l> .46
13 Co 32* 1.15 0.74 2o30 4.21 Co 48* 4 19 2.69
14 C.7C 0.20* G. 17* y« 5^ 2.92 2.97 8oC2 C.77*
15 Co 73* 0.90* o 1 C* 3. 52 8.56 2o0 5* 0.16* U £. J>
MEAN Co 99 1 o 30 1.46 2o67 6d7 2.65 3.C9 2.33
SO 1.17 1.13 1.36 2»3 3 5.83 2o4l 2.59 2.54
Table 10. Contributions to the power spectrum for wave number 8 for individual
map times k = 1 , . .
.
, 15, and by selected key latitudes
<fi .
Included for each
latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin































































































































































Contributions to the power spectrum for wave number 9 for individual
map times k = 1 ,..
.
, 15, and by selected key latitudes
<fi . Included for each
latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin
squared




50S 15S 5S 5N 15N 3 ON
1 2.40 1.26 0.13* 1.99 2.80 0.15* 5* co 0.45*
2 0.6J* 0.11* 1.52 1.78 4.51 0.49* Go 02* 0.38*
3 0.57* 1.85 0.C9* 1.73* 1.40* 3.14* 2c43 0.43*
Ur 0.48* Do 80* 0.92 I. 89 3.47* 6o 84 4. 4C Go 54
5 Coll* 0.22* lo26 0.3 9* 1.57* 0.13* 6o 9 \j CIO*
6 0.61* lo 59 0. 59 0.13* C.6 9* 1.34* 5c. 35 0.06*
7 C.G2* 0.11* 0.24 0.91 2.2? 0.21* 4o49 0*76
8 0.37* 1.96 0.28* 0.0 5* 1.03* 6.40 3.C I / 1 i o«. o LC.
9 Co86 3c78 0. ao* Go 4 6* 2o 54 4.62 rt 7 r.# 0.67*
10 0.22* 0.48 0.86 1.66 2.56 1.91 1.08 0.25*
<4 4
X. i. 0.41 1=52 Co 17* 1.41* 3.19 7,. H5 •. r t«_ O -. ~
12 1.65 C.67 1.75 2.71 2.50* 4.46 0.81* 1 O <U>
13 0.43* 1.94 1.14 0.30* 0.61* 1.04* 0o38* •Jfc0.38
1^ 0.41* 0.71 0.63 0.20* 4.19 1.41* 1, 52* 0.13*
15 0.62* 0.39* 2.11 • 0.49* 1.18* 4.A4* • * 0.34*
MEAN C.65 1.16 0.81 1.08 2.30 2.61 2o76 t .53
SD Co 59 0.95 0.61 0. 82 I. 17 2.:
'
2o30 0.50
Table 12. Contributions to the power spectrum for wave number 10 for individual
map times k = 1 15, and by selected key latitudes (^S
. Included for each
latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin




50S BOS 15S 5S 5N 15N BON 50N
1 1.39 0.27* 0.19* 0.3 3* 1.34* 2.15 1.17* 0.68
2 0.09* 0.55 0.O6* 2.33 1.45 4.56 0.03* 2. 03
3 0o29* 0.17* 0. 19* 1.94* 1.32* i.21* 0.92* 1.05
4 0.28* lo26 0.64 0.01* 9.22 10.25 1.02* 0.32*
5 0*80 0.16* 0.60* 0.06* 0.40* 4.82 0.4 8* 0.70
6 1.53 0.20* 0.44 0.80 1.14 0.59* 2.43 1.04
7 0.43 0.39* 0.03* 0.66* 1.31 0.10* 1.39 0.20*
8 C.67 G.76 1.39 1. 15 Co 70* 3.15 0.15*
9 1. 16 0.65* 1.99 0.28* 5.61 1.56 o 59* 2.05
10 0.41 0.50 0.68 0.09* 0.77* 2o99 0.17* 1.89
11 0.04* 0.47 1.06 3.13 2.95 2.65 1.48 0.58*
12 OoTi 0.37* 1.02 3.09 0.41* U.^Z"
13 C.66 0.98 0.33 0.2 7* Go 57* 1.06* 0.0* * 1.67
14 Co 13* 0.23 0.26 C.05 CO 3* 1.65 3.45 0.63*
15 2.89 0.37* 2.75 3.69 4.21 4.77 2c 51 0.24*
MEAN C.77 0.49 0.76 1.23 2.13 3.15 le09 0.92
SD Co 72 J.30 Go 74 1.29 2.39 2.81 0.99 . 6 5
Table 13. Contributions to the power spectrum for wave number 1 1 for individual
map times k = 1 , . . „ , 15, and by selected kay latitudes $D . I ncluded for each
latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin




50S ^OS 15S 5S 5N 15N BON 5CN
1 C.59* 0.63* 0.52 0.0 5* 0.13* 0.57* 0.13* 0.37*
2 C.lf 0.04* C.95 2.58 1.13* 1*66 0<35* 0.06*
3 0.05* 1.08 C.4G* 2.40 1.80 0.38* 2c 00 0.89
4 Co02* 0.07* 0.28* 0. 14* 1.08* 4.82 3.56 0.C9*
5 1.04 1.15* 0.83* 0.2 5* 2.3 8 2.81 8o01 0.65
6 0.40 0.31* 0.02* 0.04* 0.10* 3.73 lo62 0.20*
7 0.41 0.11* 0.C7* 0.93 0.38* 0.73* U73 1. 9^
8 0.67 1.34 0.C8* 0.94 0.18* 1.70 OolO* 0.88
9 Go 51* 0.09* 0.24* 0.42* 1.63* 1.16 2.09 0.80
10 0.16* 0.33 0.13* a 30
* 0.11* 0.31* 0.C5* 0.17*
It Co 34 0.37 . 1 7* 0.90* 2.16 1.14 lo62 1 c vV
12 0.03* 1.15 0.86 0. 10* 3.57 2. 34 1.83 0.43*
13 C.65 0.55 0.02* 0.15* Co 55* 0.47* 0.97* 0.98
14 0.06* 0.02* 0.U2* 0.78 0.07* 0o54* 2.48 0.32
15 2.40 0.15* 0.44* 2.71 4.20 v.'o9c* 0.04* i, 7?*
MEAN 0.50 0.49 0.34 0.8 5 1.30 1.56 1.77 0.64
SD C. 58 0.45 0.31 0.92 1.27 1.29 1.95 C.4^
Table 14. Contributions to the power spectrum for wave number 12 for individual
map times k - \,...,\5, and by selected key latitudes (ft. Included for
each
latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin
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